Introduction
In technetium fluoride chemistry, the first studies focused on the higher oxidation state, binary fluoride, and oxo complexes (Selig et al., 1961; Edwards et al., 1968 Edwards et al., , 1970 Mercier & Schrobilgen, 1993; LeBlond & Schrobilgen, 1996; Casteel et al., 1998; LeBlond et al., 2000a,b; LeBlond & Schrobilgen, 2001; Drews et al., 2006; Supeł et al., 2007) . In the intermediate oxidation state, salts of hexafluoridotechnetate(IV) have been known for almost 50 years, whereas the binary fluoride, i.e. Tc IV F 4 , has been predicted recently by first-principles calculations (Weck et al., 2009) . A quadrivalent technetium fluoride salt, K 2 [TcF 6 ], was first prepared by the solid-state melt reaction of K 2 [TcBr 6 ] with KHF 2 , followed by aqueous workup (Schwochau & Herr, 1963) . Alberto & Anderegg (1985) reported an improved procedure for the preparation of K 2 [TcF 6 ] by the treatment of K 2 [TcBr 6 ] with HF (40%) and AgF. The first reported crystallographic information on a [TcF 6 ] 2À salt is a powder X-ray diffraction study of K 2 [TcF 6 ] (Schwochau & Herr, 1963) , while other alkali metal salts of [TcF 6 ] 2À have been reported occasionally and do not contain any details of these compounds (Schwochau, 1964) . The reinvestigation of the preparation, spectroscopic and solid-state structures of hexafluoridotechnetate(IV) was reported recently, however, its structural chemistry is limited to alkali metals, ammonium, and tetramethylammonium salts (Balasekaran et al., 2013) . These Tc IV salts were obtained by metathesis reactions or by reduction of pertechnetate with sodium dithionate or zinc dust in the presence of HF (aq) . The structures of M 2 [TcF 6 ] (M = NH 4 , Na, K, Rb, and Cs) display the trigonal space group P3m1, and that of (NMe 4 ) 2 [TcF 6 ] is rhombohedral R3. These solid-state structures are stabilized by cation and anion interactions, which are also the reason for their solubility being limitated to only water and aqueous HF. (Baldas & Colmanet, 1989) , AsPh 4 [TcNCl 4 ] (Figgis et al., 1996) , AsPh 4 [TcNBr 4 ] (Baldas et al., 1985) , and (AsPh 4 ) 2 [TcCl 6 ] (Baldas et al., 1984) . Baldas et al. (1984) determined the crystal structure of the salt tetraphenylarsonium hexachlorotechnetate(IV), which crystallized in the triclinic space group P1. Quadrivalent transition-metal fluoride salts containing bulky organic cations are limited to (PPh 4 )[MF 6 ]Á2H 2 O (M = Zr, Re, Ir, and Os) (Pedersen et al., 2014 (Pedersen et al., , 2016 (Pedersen et al., , 2017 . These salts were prepared by the cation metathesis reaction of highly water-soluble (NH 4 ) 2 [MF 6 ] (M = Zn and Re) or Na 2 [MF 6 ] (M = Ir and Os) with PPh 4 Cl in water. In this context, we prepared the tetraphenylarsonium salt of [TcF 6 ] 2À and characterized it in the solid state by singlecrystal X-ray diffraction (SCXRD) and in solution by UV-Vis spectroscopy and cyclic voltammetry.
Experimental
Caution! 99 Tc is a b À emitter (E max = 0.29 MeV). All operations relating to the synthesis of this sample were performed in a licensed radiochemical laboratory. Appropriate shielding was employed during all manipulations for the loading of samples into containers for examination.
Ammonium bifluoride, tetraphenylarsonium chloride, acetonitrile, and hydrobromic acid (48%) were purchased from Sigma-Aldrich and used without further purification. This work was performed in a well-ventilated fume hood due to the corrosive nature of bifluoride. (NH 4 ) 2 [TcBr 6 ] was prepared as described in the literature (Dalziel et al., 1958) and the detailed syntheses of (NH 4 ) 2 [TcF 6 ] and (AsPh 4 ) 2 -[TcF 6 ]Á2H 2 O are described below.
Synthesis and crystallization
2.1.1. Preparation of (NH 4 ) 2 [TcF 6 ]. (NH 4 ) 2 [TcF 6 ] was prepared by melting (NH 4 ) 2 [TcBr 6 ] (612 mg, 1 mmol) with an excess of NH 4 HF 2 (2 g, 0.35 mol) in a nickel crucible at 573 K for 20 min in a box furnace. The resulting pale-pink-grey solid product which formed was allowed to cool to room temperature and was washed with MeOH (10 Â 10 ml). Subsequently, the product was washed with several aliquots of an H 2 O/ MeOH mixture (3 Â 5 ml, 1:4 v/v) and centrifuged. The resulting pink solid was dissolved in warm water (5 ml) and the solution evaporated slowly at room temperature. Colorless crystals of (NH 4 ) 2 [TcF 6 ] were obtained (yield: 175 mg, 0.7 mmol, 70%).
2.1.2. Preparation of (AsPh 4 ) 2 [TcF 6 ]Á2H 2 O. A saturated aqueous solution of AsPh 4 Cl (188 mg, 0.45 mmol) was added to a saturated aqueous solution of (NH 4 ) 2 [TcF 6 ] (50 mg, 0.2 mmol). The resulting mixture was left to stand for 24 h to give (AsPh 4 ) 2 [TcF 6 ]Á2H 2 O (yield: 176 mg, 0.175 mmol, 88%). UV-Vis (CH 3 CN): = 230 (" = 26820 M À1 cm À1 ), 259 (" = 8314 M À1 cm À1 ), 264 (" = 10240 M À1 cm À1 ), 271 (" = 8376 M À1 cm À1 ), and 352 nm (" = 250 M À1 cm À1 ).
Refinement
Crystal data, data collection and structure refinement details for (AsPh 4 ) 2 [TcF 6 ]Á2H 2 O are summarized in Table 1 . The aromatic H atoms were refined using a riding model, with C-H = 0.95 Å and U iso (H) = 1.2U eq (C). The H atoms of the water molecules were not located and were therefore not included in the refinement. 
Results and discussion
0.85, À1.28 triclinic crystal space group P1. The asymmetric unit consists of two independent (AsPh 4 ) + cations, one[TcF 6 ] 2À anion, and two cocrystallized water molecules. The molecular structure of (AsPh 4 ) 2 [TcF 6 ]Á2H 2 O is shown in Fig. 1 and the packing of the structural units in the unit cell in Fig. 2 . Selected bond lengths and angles are given in Table 2 . The [TcF 6 ] 2À anion exhibits a slightly distorted octahedral geometry, with Tc-F bond lengths varying from 1.9266 (10) to 1.9487 (10) Å and an average Tc-F distance of 1.933 Å . This value is very similar to those observed in M 2 [TcF 6 ] (M = Rb and Cs) and slightly longer than those observed in A 2 [TcF 6 ] (A = Na, K, NH 4 , and NMe 4 ) (Balasekaran et al., 2013) . The angles around the Tc atom are close to octahedral values ( Table 2) .
The [AsPh 4 ] + cation adopts a distorted tetrahedral configuration in which the phenyl groups are attached asymmetrically (Fig. 1) . The As-C bond lengths (Table 2 ) are similar to those reported for (AsPh 4 ) 2 [TcCl 6 ] (Baldas et al., 1984) , (AsPh 4 ) 2 [ReBr 6 ] (Kochel, 2007) and (AsPh 4 ) 2 [ZrCl 6 ] (Borjas et al., 2018) . The tetragonal distortion of the As atom in the [AsPh 4 ] + cation is less severe, with only a 2.5 difference between the C-As-C angles.
Spectroscopic analysis
The UV-Vis spectrum of (AsPh 4 ) 2 [TcF 6 ]Á2H 2 O ( The molecular structure of the cation and anion in (AsPh 4 ) Rb, and Cs) (Balasekaran et al., 2013) . The electrochemical properties of (AsPh 4 ) 2 [TcF 6 ]Á2H 2 O were investigated by cyclic voltammetry in acetonitrile and compared with those of (n-Bu 4 N)[TcX 6 ] (X = Cl and Br) (Trop et al., 1979) . For [TcX 6 ] 2À (X = Cl and Br) it has been shown that one irreversible oxidation wave at +1.88 (X = Cl À ) and +1.70 V (X = Br À ) versus SCE corresponding to Tc 4+ !Tc 5+ , and one irreversible reduction corresponding to Tc 4+ !Tc 3+ at À0.34 and À0.27 V, respectively (Trop et al., 1979) . The cyclic voltammogram of (AsPh 4 ) 2 [TcF 6 ]Á2H 2 O exhibits a reversible one-electron oxidation wave (E 1/2 = 1.496 V versus Ag/AgCl) ( Fig. 3b ) corresponding to the formation of Tc 5+ . In the [TcX 6 ] 2À (X = F, Cl, and Br) series, the oxidation potentials are in the order Cl > Br > F and indicate that the fluorinated species is less oxidative than the heavier halogens.
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Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Tc1 0.00388 (2) 1.00821 (2) 0.24427 (2) 0.00949 (4) 0.0260 (9) 0.0289 (9) 0.0239 (8) −0.0150 (7) 0.0071 (7) −0.0119 (7) C7 0.0135 (7) 0.0124 (7) 0.0143 (7) −0.0036 (6) −0.0043 (5) −0.0013 (5) C8 0.0158 (7) 0.0193 (8) 0.0168 (7) −0.0034 (6) −0.0038 (6) −0.0054 (6) C9 0.0144 (8) 0.0239 (9) 0.0311 (9) −0.0008 (6) −0.0029 (7) −0.0116 (7) C10 0.0188 (8) 0.0222 (9) 0.0389 (10) 0.0010 (7) −0.0158 (7) −0.0095 (8) C11 0.0291 (9) 0.0213 (8) 0.0236 (8) −0.0018 (7) −0.0151 (7) −0.0051 (7) C12 0.0211 (8) 0.0167 (7) 0.0140 (7) −0.0035 (6) −0.0054 (6) −0.0019 (6) C13 0.0157 (7) 0.0163 (7) 0.0108 (6) −0.0078 (6) −0.0015 (5) −0.0021 (5) C14 0.0173 (7) 0.0147 (7) 0.0164 ( (7) 0.0041 (6) −0.0031 (6) As2 0.00984 (7) 0.01133 (7) 0.00975 (7) −0.00323 (5) −0.00131 (5) −0.00092 (5) C25 0.0144 (7) 0.0119 (7) (7) 0.0041 (7) 0.0006 (7) C37 0.0140 (7) 0.0159 (7) 0.0114 (6) −0.0070 (6) −0.0016 (5) −0.0014 (5) C38 0.0148 (7) 0.0193 (8) (7) 0.0002 (6) −0.0098 (7) C42 0.0138 (7) 0.0179 (8) 0.0173 (7) −0.0052 (6) −0.0019 (6) −0.0040 (6) C43 0.0128 (7) 0.0112 (7) 0.0133 (7) −0.0036 (5) −0.0044 (5) −0.0002 (5) C44 0.0187 (8) 0.0143 (7) 0.0126 (7 0.0152 (7) 0.0159 (7) 0.0134 (7) −0.0044 (6) −0.0025 (6) −0.0022 (6) O1S 0.0309 (7) 0.0214 (7) 0.0416 (8) −0.0102 (6) 0.0060 (6) −0.0141 (6) O2S 0.0284 (7) 0.0273 (7) 0.0465 (8) −0.0096 (6) 0.0086 (6) −0.0187 (6) Geometric parameters (Å, º) 
